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ABSTRACT
Oral leukoplakia (OL) is a potentially malignant disorder characterized by white lesions on the oral mucosa, with a variable risk of

progression to oral squamous cell carcinoma (OSCC). Its management remains challenging due to the potential for recurrence

and malignant transformation. In recent years, laser-based therapies have emerged as promising alternatives to traditional

treatments such as surgical excision and cryotherapy. This systematic review evaluates the efficacy and safety of various laser

technologies, including ablative lasers, fractional lasers, and photodynamic therapy (PDT)-assisted laser treatments, for the

management of OL. The review focuses on key clinical outcomes such as lesion regression rates, recurrence reduction, and

the incidence of adverse effects. Evidence suggests that laser therapies not only achieve significant lesion regression but also

minimize posttreatment discomfort and preserve healthy tissue structure. Among the laser modalities studied, PDT-assisted

treatments have shown particular promise in reducing recurrence rates over long-term follow-up. Furthermore, fractional

laser-assisted PDT has demonstrated high clinical efficacy with excellent tolerability, suggesting its potential as a front-line

treatment option. Despite these encouraging results, further research with larger patient cohorts and longer follow-up periods

is necessary to establish standardized treatment protocols. This review supports the adoption of laser-based treatments as effective

and minimally invasive options for managing OL while reducing the risk of malignant progression.

1 | Introduction

Oral leukoplakia (OL) is among the most common potentially

malignant disorders affecting the oral cavity. It is characterized

by white plaques or patches that cannot be scraped off and lack a

clear underlying cause [1–3]. The condition is observed in ~1% to
4% of the population, with a highly variable risk of progressing to
oral squamous cell carcinoma (OSCC). Although OL presents in
different clinical forms, its malignant transformation potential is
what makes it clinically significant. Early detection and timely
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management are crucial in reducing cancer risk, emphasizing the
need for effective treatment strategies [4–7].

The development of OL is influenced by multiple factors, includ-
ing genetic, environmental, and behavioral components [8]. The
primary risk factors include prolonged tobacco use in both smok-
ing and smokeless forms, excessive alcohol consumption, and
infection with human papillomavirus (HPV), particularly Types
16 and 18 [6, 7, 9, 10]. These well-established contributors signif-
icantly elevate the risk of malignancy [11–13].

Although well-established risk factors such as tobacco and alco-
hol use are commonly associated with OL, the disorder can also
occur in individuals without these exposures [14, 15]. Epidemio-
logical studies suggest that genetic predispositions or subtle envi-
ronmental influences may contribute to disease onset in such
cases [16, 17]. Additional research indicates that immune system
variations and other, less understood biological mechanisms
could play a role in the development of OL [18, 19].

For instance, immune system dysfunction, nutritional deficien-
cies, and chronic inflammatory conditions of the oral mucosa
may also play a role. A comprehensive understanding of the
disease thus necessitates consideration of both established and
potential risk factors [20–23].

Clinically, OL varies in presentation, ranging from small, mild
white patches to larger, ulcerated lesions with a heightened risk
of malignant transformation [24–27]. Due to this variability,
monitoring lesion size, appearance, and progression rate is vital
in determining the most appropriate treatment approach [28].
One of the primary challenges in OL management is its unpre-
dictable course. While some lesions remain benign over time,
others may evolve into OSCC, highlighting the importance of
vigilant observation and timely intervention.

Traditional treatment options for OL include surgical excision,
cryotherapy, and pharmacological interventions. Surgical removal
is considered the gold standard for treating high-risk lesions, but it
poses risks such as scarring, functional impairment, and a high
recurrence rate, especially if the lesion is not completely excised
[29–32]. Cryotherapy, which works by freezing and destroying
abnormal tissue, also has drawbacks, including pain and potential
tissue damage that may affect both function and aesthetics. Phar-
macological approaches, such as topical corticosteroids or retinoids,
have been explored [28].

Although these treatment modalities are widely used, several
analyses have shown that their overall effectiveness can be lim-
ited, particularly when lesion characteristics reduce therapeutic
responsiveness [33, 34]. Further evidence indicates that many
interventions are frequently accompanied by postoperative dis-
comfort or other adverse effects, which may constrain their clini-
cal applicability and long-term acceptance by patients [35, 36].
Additional reports have also highlighted variable healing pat-
terns and occasional functional disturbances, underscoring the
need for careful selection and individualized planning [37, 38].

Despite the availability of current therapeutic options, several
analyses have shown that recurrence remains a significant con-
cern, particularly in patients presenting extensive or high-risk
lesions [39, 40]. Additional evaluations have reported that persis-
tent epithelial alterations can undermine long-term disease

stability, contributing to relapse even after apparently successful
treatment [41, 42]. Other studies further indicate that lesions
with irregular or multifocal patterns show limited therapeutic
durability, with a notable tendency to reappear during follow-
up [43, 44]. Overall, evidence suggests that outcomes remain less
stable in individuals classified as high-risk, confirming the need
for careful monitoring after treatment [45].

Given these limitations, laser-based therapies have emerged as a
promising alternative, offering several advantages over conven-
tional treatments. Lasers, including carbon dioxide (CO2) lasers,
diode lasers, and ablative fractional lasers, enable precise lesion
removal with minimal damage to surrounding healthy tissue,
thereby reducing the risk of complications such as scarring and
functional impairment [46–50].

Laser treatment has been consistently associated with reduced
postoperative pain, providing patients with a more comfortable
recovery experience [51, 52]. Evidence also suggests that laser-
assisted procedures can accelerate healing, promoting faster res-
toration of normal oral function [53, 54]. Studies indicate that
tissue regeneration occurs more efficiently following laser ther-
apy, which may contribute to shorter recovery times and
improved clinical outcomes [55, 56]. Patient-reported outcomes
highlight greater satisfaction with laser interventions due to
decreased inflammation and postoperative discomfort [57, 58].

Photodynamic therapy (PDT) has recently gained attention as an
adjunct to laser treatment, particularly for minimizing OL recur-
rence. PDT involves applying a photosensitizing agent, such as 5-
aminolevulinic acid (ALA), which is absorbed by abnormal cells
and subsequently activated by a specific light wavelength. This
selective destruction of affected cells promotes lesion healing
while preserving surrounding tissue. When combined with laser
activation, PDT has demonstrated effectiveness in reducing
lesion size, normalizing epithelial tissue, and decreasing the like-
lihood of malignant progression.

PDT has been shown to reduce the incidence of adverse effects
compared to conventional treatments, enhancing patient comfort
[59, 60]. Some studies report that PDT preserves surrounding
healthy tissue while effectively targeting leukoplakic lesions
[61, 62]. Clinical evidence also indicates that PDT minimizes
postoperative inflammation and promotes faster mucosal recov-
ery [63, 64]. Overall, this approach offers patients a treatment
option that balances efficacy with functional and aesthetic con-
siderations [65].

With these advancements, there is growing interest in further
exploring laser-based therapies for OL management. This sys-
tematic review aims to assess the current evidence on the safety,
efficacy, and clinical outcomes of various laser treatments,
including CO2 lasers, diode lasers, and PDT-assisted laser thera-
pies [66]. By analyzing existing studies, this review seeks to pro-
vide a comprehensive overview of how laser technology can be
effectively incorporated into clinical practice, highlighting its
benefits, limitations, and future research directions [60].

In addition to evaluating treatment efficacy, this review aims to
identify key clinical outcomes associated with laser therapy, such
as lesion regression, recurrence reduction, and long-term follow-
up data [67]. While initial studies indicate promising results,

2 of 15 International Journal of Dentistry, 2026

 6164, 2026, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1155/ijod/2130179 by Francesco Inchingolo - U

niversity D
egli Studi D

i B
ari , W

iley O
nline L

ibrary on [22/01/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



larger and more rigorous clinical trials are needed to establish the
definitive role of laser treatments in OL management. Long-term
data are particularly crucial in determining whether these thera-
pies provide sustained benefits and significantly lower the risk of
malignant transformation over time [68–71].

Furthermore, as with anymedical intervention, cost and accessibil-
ity remain important factors [28]. Although laser treatments are
generally more expensive than traditional methods, their potential
to reduce complications, accelerate recovery, and enhance patient
satisfactionmaymake them amore cost-effective option in the long
term [67, 72–74]. As laser technology continues to evolve, more
affordable and widely accessible options are expected to emerge,
making these innovative treatments available to a broader patient
population [75–79].

In conclusion, OL presents a considerable clinical challenge due to its
potential for malignant transformation and the limitations of current
treatment options [80, 81]. Laser-based therapies, especially when
combined with PDT, have shown great potential as effective and
minimally invasive alternatives [82–85]. This review aims to consoli-
date the latest research on these technologies to inform clinical prac-
tice and guide future investigations into their role inOLmanagement
[86]. Through continued research and technological advancements, it
is anticipated that more precise, efficient, and accessible treatments
will become available, ultimately improving patient outcomes and
reducing the risk of cancer progression [87–90].

2 | Materials and Methods

2.1 | Search Processing

The current systematic review followed the PRISMA and Inter-
national Prospective Register of Systematic Review Registry pro-
cedures. It was registered with the International Prospective
Register of Systematic Review (PROSPERO ID 1010154).

The following databases: PubMed, Web of Science, and Scopus,
were examined from January 15, 2025 to January 22, 2025, to
search articles of the last 15 years. The search strategy was cre-
ated by combining terms relevant to the study’s purpose.

The following Boolean keywords were applied: ((Oral Leukoplakia)
AND (Laser Therapy) AND (Nd:Yag Laser) AND (CO2 Laser)).

2.2 | Inclusion End Exclusion Criteria

The reviewers worked in a group to assess all relevant studies
that analyzed or compared the effects of laser on OL, according to
the following inclusion criteria:

• Studies that did the research “in vivo” or in “humans;”

• Case-controls studies, cohort studies, RCTs;

• Studies that were published in the last 15 years.

Studies that fulfill at least one of the following exclusion criteria
were excluded: reviews, case reports, and series, letters to the
authors; animal models; in vitro studies.

2.2.1 | PICO Question

The PICO question addressed was:

“Among patients diagnosed clinically and histologically with OL,
how do laser-based treatments (ablative, fractional, and laser-
assisted PDT) compare to conventional methods (cryotherapy,
surgical excision, or no treatment) in terms of lesion regression,
recurrence prevention, side effects, and posttreatment quality
of life?”

I. Population: patients with clinically and histologically
diagnosed OL.

II. Intervention: laser treatments (ablative, fractional, and
laser-assisted PDT).

III. Comparison: conventional therapies such as cryotherapy,
surgical excision, or no treatment.

IV. Outcome: lesion regression, recurrence reduction, fewer
side effects, and improved posttreatment quality of life.

2.3 | Data Processing

Four independent reviewers (Pierluigi Marotti, Silvia Chieppa,
Pietro Lauria, Daniela Di Venere, and Massimo Corsalini)
assessed the quality of the included studies using specified crite-
ria such as selection criteria, methods of outcome evaluation, and
data analysis.

This enhanced “risk of bias” tool additionally includes quality
standards for selection, performance, detection, reporting, and
other biases.

Any differences were settled through conversation or collabora-
tion with other researchers (Alessio Danilo Inchingolo, Andrea
Palermo, Angelo Michele Inchingolo, and Gianna Dipalma). The
reviewers screened the records according to the inclusion and
exclusion criteria.

Doubts have been resolved by consulting the senior reviewer
(Francesco Inchingolo). The selected articles were downloaded
into Zotero.

3 | Results

3.1 | Characteristics of Included Articles

Figure 1 shows the flow diagram of a systematic review carried
out using the PRISMA reporting criteria. The diagram describes
the search strategy, inclusion, and exclusion of publications at
each stage of detection.

A total of 531 publications were identified in three databases,
including PubMed (176), Web of Science (121), and Scopus
(234), obtaining 289 records after the duplicates were deleted
(242). The title and abstract analysis resulted in the exclusion
of 226 articles because they were off-topic. The remaining 63
records were read, deleting 53 articles that did not fill the inclu-
sion criteria. The evaluation includes a total of 10 publications for
qualitative analysis (Figure 2).

3.2 | Quality Assessment and Risk of Bias of
Included Articles

The risk of bias in the included studies is reported in Figure 3.
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Regarding bias due to confounding, most studies have a low risk
(Table 1).

The bias resulting from measurement is a parameter with a low
risk of bias. Many studies have a low risk of bias due to partici-
pant selection.

Post-exposure bias is low in most studies. Bias due to missing
data is medium in many studies. The bias resulting from the
outcome measurement cannot be calculated due to heterogene-
ity. The selection bias of the reported results is low in more than
half of the studies and medium in the others. The final results
show that six studies have a low risk of bias, and four have a
medium risk of bias.

3.2.1 | Narrative Explanation of Risk of Bias Assessment

3.2.1.1 | Romeo et al. [14] The randomization process was
mentioned, indicating a low risk of bias in the randomization
process (D1). However, it is unclear whether blinding of surgical
staff or outcome assessors was implemented, raising concerns
about potential deviations from the intended interventions
(D2). The objective nature of the primary outcomes (healing
and recurrence) and the detailed follow-up schedule suggest a
low risk of bias in the domains of missing outcome data (D3) and
outcome measurement (D4). The overall judgment is “some con-
cerns,” primarily due to the lack of clarity regarding blinding.

3.2.1.2 | Chee and Sasaki [8] Although the study was
single-blinded (toward the patient), surgeons could not be
blinded to the intervention modality (laser vs. scalpel). This
lack of blinding could have influenced the conduct of the inter-
vention itself (e.g., the decision to use cautery) and introduces a
high risk of bias due to deviations from the intended interven-
tions (D2). In contrast, the primary outcomes (blood loss and
operative time) are highly objective and measurable, leading to
a low risk of bias in their measurement (D4) and the analysis of
missing data (D3). The baseline risk of bias (D1) is low due to
randomization.

3.2.1.3 | Kawczyk-Krupka et al. [16] High risk. Randomi-
zation was not adequately described (D1: some concerns). The
radically different nature of the interventions (PDT vs.

cryotherapy) made blinding of patients and operators impossible,
introducing a high risk of performance bias (D2). Although the
primary outcome (clearance) was objective (D4: low risk), the
lack of a preregistered protocol raises concerns about reporting
bias (D5).

3.2.1.4 | López-Jornet and Camacho-Alonso [18] Similar
to Chee et al., the lack of blinding is the main issue. Patients and
assessors were not blinded to the received intervention, which
has a direct and significant impact on the measurement of sub-
jective outcomes like pain and swelling (D4: high risk). This also
introduces a high risk of bias due to deviations from intended
interventions (D2), as postoperative management could have
been influenced by knowledge of the treatment. Randomization
controls for baseline bias (D1: low risk).

3.2.1.5 | Montebugnoli et al. [52] High risk. The study pre-
sents a high risk of randomization bias (D1) due to the absence of
a comparable control group, making it impossible to attribute the
results solely to the treatment. Domains related to treatment
adherence (D2) and outcome measurement (D4) are at low
risk, but the fundamental experimental design compromises
overall validity.

3.2.1.6 | Pietruska et al. [91] This study appears methodo-
logically sound but lacks crucial details for a definitive assess-
ment. Randomization was appropriate (D1: low risk). However, it
was not specified whether the assessment of lesion reduction was
performed by an assessor blinded to the treatment. The lack of
clarity on this point raises “some concerns” for bias due to devia-
tions from intended interventions (D2) and in outcome measure-
ment (D4). The outcomes are well-defined.

3.2.1.7 | Wong et al. [92] This dose-escalation study is rated
as low risk. Its primary objective was to establish the maximum
tolerated dose (MTD) and toxicity, which are highly objective
outcomes. The nature of the study (defining a dose) minimizes
the risk of bias in the selection of the reported results (D5).
Randomization and careful toxicity monitoring control for bias
in all other domains (D1–D4: low risk).

♂ 78 y.o.

(a)

1997

2000

2001

2000

♂ 78 y.o.

(b)

5-2000

FIGURE 1 | (a) Clinical presentation of oral leukoplakia. (b) Leukoplakic lesion of oral mucosa.
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3.2.1.8 | Shafirstein et al. [93] Similar to Pietruska et al., this
study is fundamentally sound, but the lack of details on the blinding
of assessors who measured lesion regression (%) introduces “some
concerns” for bias due to deviations from intended interventions (D2)
and in outcome measurement (D4). Randomization and the clear
definition of toxicity are strengths (D1, D3: low risk).

3.2.1.9 | Yao et al. [94] Although randomized (D1: low risk),
it compares two very different interventions (AFL-PDT vs. AFL
alone). It is likely that patients and physicians were not blinded
to the assigned treatment, which could influence expectations
and postoperative care (D2: some concerns). The main concern

is whether the assessor of recurrences, the primary outcome, was
blinded to the treatment group. If not, the risk of bias in outcome
measurement (D4) would be high.

3.2.1.10 | Ribeiro et al. [95] This study has a high risk of bias
due to the nature of the intervention and the outcome. Low-level
laser therapy (LLLT) is an additive, and patients knew whether
they had received it or not. The primary outcome was pain, mea-
sured on a subjective scale. The combination of a subjective out-
come and the lack of blinding of patients and assessors introduces
a very high risk of bias in the measurement of the result (D4) and
in deviations from the intended interventions (D2).

Records identified from:
 Databases:
 PubMed (n = 176)
 Scopus (n = 234)
 Web of Science (n = 121)

 Total (n = 531)

Records removed before screening:
 Duplicate records removed
 (n = 242)

Records screened
(n = 289)

Records excluded
(n = 226)

Reports assessed for eligibility
(n = 63)

Reports excluded:
 Off-topic (n = 53)

Identification of studies via databases and registers

Id
en
tif
ic
at
io
n

Sc
re
en
in
g

Studies included in the review
(n = 10)

In
cl
ud
ed

FIGURE 2 | Prisma flowchart.
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3.3 | Risk of Bias

Table 1. Risk of bias assessment.

4 | Discussion

The studies present a thorough and detailed analysis of different
treatment approaches for OL, carefully outlining the advantages
and limitations of each method [96–99]. PDT has proven to be a
highly effective treatment, leading to significant clinical and his-
tological improvements. In particular, PDT utilizing 5-ALA has
been found to greatly diminish leukoplastic lesions and restore
epithelial normalcy, indicating its potential in lowering the risk
of progression to oral carcinoma [100–103]. The minimal side
effects associated with PDT make it an especially appealing
option, particularly in preserving both the aesthetic and func-
tional integrity of the oral mucosa [104–106].

CO2 laser therapy has demonstrated superiority over the conven-
tional cold scalpel in the excision of OL, resulting in significantly
less postoperative pain and swelling [93, 107–110]. This tech-
nique provides multiple advantages, such as reduced blood
loss, enhanced visualization of the surgical site, and minimized
tissue trauma, all contributing to a better postoperative experi-
ence for patients. However, it is essential to recognize that CO2

laser treatment is more costly than the traditional scalpel, neces-
sitating a comprehensive cost–benefit assessment [111–114].

The AsGaAl laser, operating at 660 nm, has been shown to effec-
tively reduce postoperative pain following cryosurgery, leading to

significant pain relief and accelerated healing with a decreased
need for analgesics [87, 115–117]. Its minimal side effects are
generally well-tolerated, suggesting that this laser treatment
can substantially enhance patient quality of life during the recov-
ery period.

CO2 laser ablation with margin extension has demonstrated
greater efficacy than procedures without margin extension, as
it promotes better epithelial normalization and lowers lesion
recurrence rates. However, patients undergoing margin exten-
sion reported slightly increased postoperative pain.

Although laser and PDT therapies are generally well tolerated,
some patients may still experience mild postoperative discomfort,
such as localized soreness or irritation [118, 119]. Occasional
reports describe transient swelling or sensitivity at the treatment
site, which typically resolves without intervention [120, 121].
Other studies note that patients may experience temporary func-
tional limitations, such as minor difficulty in eating or speaking,
during the initial recovery period [122, 123].

PDT, whether performed with a pulsed dye laser or an ablative
fractional laser, has shown superior effectiveness compared to
cryosurgery and ablative fractional laser alone, as it decreases
dysplastic changes and facilitates epithelial normalization. Addi-
tionally, this technique is associated with less pain and discom-
fort, making it a more tolerable option for patients. Treatment
with the Nd laser has also been observed to support the regener-
ation of a well-differentiated and stable epithelium, thereby
reducing both recurrence rates and the risk of carcinoma pro-
gression [124–126].
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Kawczyk-Krupka et al. [16]
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(or into the analysis).
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D5: Bias due to missing data.
D6: Bias arising from measurement of the outcome.
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FIGURE 3 | Risk of bias assessment.
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TABLE 1 | Studies’ evaluation.

First author
(Year) Type of study Aim of the study Materials and methods Results

Romeo et al. 2020
[14]

Randomized
controlled clinical

trial

To determine the optimal
extension margin during
CO2 laser ablation of oral
leukoplakia and to assess
its short-term recurrence

rate.

33 lesions diagnosed as oral
leukoplakia in 30 patients (aged
39–79) were randomly allocated
into three groups: Group A

received laser ablation confined
to the lesion, Group B

underwent ablation with an
additional 3mm margin, and
the Control group was observed
without treatment. All lesions
were confirmed by biopsy
(showing hyperkeratosis
without dysplasia), and

procedures were standardized
(including pretreatment

elimination of risk factors and
using a CO2 laser with defined
parameters). Follow-ups were
scheduled at 1week, 3weeks, 3

months, and 6months.

Complete healing was observed
in 13 lesions (~59%) within the
treated groups—with Group B
(63.6% healing) showing a

slight advantage over Group A
(54.5% healing). In contrast,
only 27.3% of lesions in the
control group exhibited

complete regression. Notably,
recurrences—first evident at
the 3-week follow-up—were
more common in lesions from

patients with a history of
smoking.

Chee and Sasaki
2013 [8]

Randomized,
single-blinded
prospective

parallel-group
study

To compare the
effectiveness of CO2 laser

fiber excision with
conventional cold knife
excision in treating oral

leukoplakia.

45 patients (aged 43–84)
scheduled for oral leukoplakia

excision were randomly
assigned to two groups: 24

procedures using a flexible CO2

laser fiber and 23 using cold
knife excision. Key parameters
—including operative time

(min/cm2), blood loss (g/cm2),
frequency of bipolar cautery use
(uses/cm2), and the number of
additional margins required
(assessed by frozen section)—
were recorded. Additional

postoperative outcomes, such as
pain and time to oral intake,

were also documented.

Although operative times were
similar (1.64 vs. 1.70min/cm2),

the CO2 laser group had
significantly lower blood loss
(0.19 g/cm2 vs. 2.55 g/cm2),
fewer uses of bipolar cautery
(0.34 vs. 3.32 uses/cm2), and

required fewer margins to clear
the specimen (1.21 vs. 1.83)
compared to the cold knife

group.

Kawczyk-Krupka
et al. 2012 [16]

Comparative
observational

study

To compare the
therapeutic efficacy of
photodynamic therapy

(PDT) versus cryotherapy
for treating oral
leukoplakia.

Patients diagnosed with oral
leukoplakia were allocated into
two groups. In the PDT group

(48 patients), a topical
photosensitizer (ALA) was
applied followed by laser

irradiation (using either 20%
ALA with a 630 nm Diomed
laser or 10% ALA with an

argon-pumped dye laser). In the
cryotherapy group (37 patients),
lesions were treated using a
cryoprobe cooled by nitrous

oxide to –89°C. Outcomes such
as lesion clearance, recurrence
rates, number of treatment
sessions, and adverse effects

In the PDT group, 35 patients
(72.9%) achieved complete

clearance, with 13 recurrences
(27.1%) noted over 6months. In
contrast, cryotherapy produced

complete responses in 33
patients (89.2%) with 9

recurrences (24.3%). Both
methods were well tolerated;

however, PDT was noted for its
minimally invasive nature and
improved esthetic outcomes.

(Continues)
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TABLE 1 | (Continued)

First author
(Year) Type of study Aim of the study Materials and methods Results

were monitored over a variable
follow-up period.

López-Jornet and
Camacho-Alonso
2013 [18]

Randomized
clinical trial

To compare conventional
cold knife surgery and

CO2 laser excision in oral
leukoplakia by

evaluating postoperative
pain and swelling.

48 patients with oral
leukoplakia (27 males, 21

females; mean age 53.7� 11.7
years) were enrolled and

randomized into two groups.
Group 1 (n= 28) underwent
standard cold knife excision
with a 3-mm margin and

primary closure, while Group 2
(n= 20) received CO2 laser
excision in continuous mode
(with similar margins) and
healing by second intention.

Postoperative pain and swelling
were recorded using a 100-mm
visual analog scale at various
time points during the first

week.

Patients treated with the CO2

laser experienced significantly
lower pain and swelling during
the first three postoperative

days compared to the cold knife
group. Both groups showed a
gradual reduction of symptoms
over 1week, with no granuloma

formation or malignant
transformation observed during

a mean follow-up of ~28
months.

Montebugnoli
et al. 2011 [52]

Prospective study To investigate if the
clinical resolution of oral
leukoplakia following
Nd:YAG laser therapy

corresponds with
restored normal

epithelial function, and
to identify factors
contributing to
recurrence risk.

13 patients with oral
leukoplakia treated with Nd:
YAG laser (Model 6000, Laser

Sonics). Biopsies were
performed before and after
therapy. Ki67 expression was

measured to assess cell
turnover. Patients were

followed monthly.

Significant reduction in Ki67
levels after treatment (from
27.4% to 17.6%, p <0:05).
Recurrence observed in 2

patients with persistently high
Ki67 levels. Kaplan–Meier

statistics showed a significant
difference (chi-square 7.3,

p <0:01).

Pietruska et al.
2013 [91]

Randomized
clinical trial

To assess the clinical
effectiveness of

photodynamic therapy
(PDT) in managing oral
leukoplakia lesions.

23 patients (21–79 years) with
44 homogeneous, flat

leukoplakia lesions confirmed
histopathologically.

Photodynamic therapy was
performed using Photolon

(chlorine-e6 and DMSO) and a
semiconductor laser (660 nm,
300mW), delivering 90 J/cm2 in

10 sessions.

Significant lesion size reduction
by 53.8% on average. Complete
healing in 12 lesions (27.27%),
partial healing in 22 lesions

(50%), while 10 lesions (22.73%)
remained unchanged. No
adverse effects observed.

Wong et al. 2013
[92]

Randomized
clinical trial

To establish the
maximum tolerated dose
(MTD) and identify the
dose-limiting toxicity

(DLT) of ALA
photodynamic therapy

(PDT) for oral
leukoplakia.

11 patients with histologically
confirmed oral leukoplakia
received ALA PDT using

escalating light doses (up to 4 J/
cm2 at 585 nm). Clinical and
biological markers were

evaluated.

No significant toxicity was
observed up to a light dose of 4
J/cm2. One patient had a partial
clinical response at 3months;
one experienced transient grade

3 transaminase elevation.
Determination of MTD was

inconclusive.

Shafirstein et al.
2011 [93]

Randomized
clinical trial

To evaluate the safety
and effectiveness of

photodynamic therapy
with 5-aminolevulinic

23 patients (aged 37–79) with
confirmed leukoplakia received
5-ALA followed by activation
using a high-power 585 nm

No severe adverse events; minor
local effects observed.

Maximum tolerated dose was 8
J/cm2. 41% of patients showed

(Continues)
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4.1 | Comparison of Treatment Methods

PDT has been shown to be an effective treatment for OL, leading
to significant clinical and histological improvements. PDT with
5-ALA has been particularly successful in reducing leukoplastic
lesions and restoring normal epithelial structure, suggesting its
potential role in lowering the risk of progression to oral carci-
noma [127, 128]. The minimal side effects associated with PDT
make it a highly favorable option, particularly for preserving the
integrity of the oral mucosa [6, 86, 124, 129–131].

The CO2 laser has demonstrated greater effectiveness than the cold
scalpel in the removal of OL, as it significantly reduces postopera-
tive pain and swelling. This approach provides key benefits such as
decreased blood loss, improved visibility of the surgical area, and
minimized tissue damage, ultimately enhancing the postoperative
experience for patients. However, it is important to note that CO2

laser treatment is more costly than the cold scalpel, necessitating a
thorough cost–benefit evaluation [1, 132–137].

The AsGaAl laser at 660 nm has been found to be highly effective
in minimizing postoperative pain following cryosurgery, leading
to significant pain relief and faster healing with a reduced need
for analgesics. The minimal side effects of this laser treatment are
well tolerated, suggesting that it can significantly enhance
patient quality of life during the recovery phase [138–142].

CO2 laser ablation with margin extension has been shown to be
more effective than ablation without margin extension, resulting
in better epithelial normalization and a lower recurrence rate of
lesions. However, patients who underwent margin extension
reported slightly higher levels of postoperative pain. These find-
ings indicate that while margin extension can improve treatment

efficacy and reduce the likelihood of carcinoma progression, the
potential increase in discomfort should be carefully evaluated
[143–146].

The evidence suggests that both PDT and the CO2 laser provide
significant benefits in reducing dysplastic alterations and sup-
porting normal epithelial regeneration, with minimal side effects.
Extending margins in CO2 laser ablation enhances treatment
effectiveness and lowers the risk of recurrence. However, larger
studies with long-term follow-up are necessary to validate these
findings and assess their long-term impact [147–150].

Many studies had small sample sizes and short follow-up periods.
Future research involving larger patient groups and extended
follow-up durations is required to confirm these outcomes and
better understand the long-term effects on recurrence prevention
and carcinoma progression. Additionally, treatment costs and the
availability of specialized equipment—especially for more expen-
sive approaches like the CO2 laser—must be taken into account
[145, 151–155].

In conclusion, these studies provide valuable insights into the
different therapeutic options for OL, emphasizing their effective-
ness, benefits, and possible limitations [19, 156–159]. Further
large-scale research is essential to fully comprehend the long-
term implications and optimize treatment strategies for patients
with OL [4, 129, 160–163].

5 | Conclusion

In summary, the various treatment approaches exhibit different
levels of effectiveness in managing OL [88, 163–165]. Both PDT

TABLE 1 | (Continued)

First author
(Year) Type of study Aim of the study Materials and methods Results

acid (ALA) and a pulsed
dye laser for treating oral

leukoplakia.

pulsed dye laser. Key measures
included regression rates and

histological changes.

>75% regression, 53% had
>25% regression. p53

expression increased in 73% of
cases; Ki-67 decreased in 58%.

Yao et al. 2021 [94] Randomized
controlled pilot

study

To evaluate and compare
the effectiveness and
recurrence rates of

ablative fractional laser-
assisted photodynamic
therapy (AFL-PDT) with
ablative fractional laser
(AFL) alone in treating

oral leukoplakia.

48 patients with histologically
confirmed oral leukoplakia
were randomized to receive
AFL-PDT or AFL treatment.

Patients were followed at 1, 3, 6,
and 12months posttreatment.

AFL-PDT showed a 100%
effective cure rate compared to
80.9% for AFL alone (p <0:05).
Recurrence rates were lower in
the AFL-PDT group at 6 and 12
months. No severe side effects

were observed.

Ribeiro et al. 2019
[95]

Randomized
clinical trial

To examine the
effectiveness of low-level
laser therapy (LLLT) in
reducing pain associated
with the cryosurgical
treatment of oral
leukoplakia (OL).

18 patients with OL were
divided into two groups: 10
received cryosurgery (Non-

LLLT group) and eight received
cryosurgery with LLLT (LLLT
group). LLLT was performed
using a 660 nm GaAlAs laser.
Pain was measured with a
numerical rating scale.

The LLLT group reported
significantly less pain than the

non-LLLT group. No
recurrence was observed during

the 9-month follow-up.
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and the CO2 laser present notable benefits in minimizing dysplas-
tic changes and facilitating the regeneration of normal epithelium,
all while causingminimal side effects [166]. Incorporatingmargin
extension in CO2 laser ablation can enhance treatment success
and lower the likelihood of recurrence; however, further long-
term studies with larger sample sizes are necessary to validate
these findings and assess their prolonged effects [167–171]. Over-
all, the evidence indicates that PDT and the CO2 laser represent
promising therapeutic options for OL, potentially improving
patient outcomes and decreasing the risk of progression to oral
carcinoma [102, 172–174].

Nomenclature

ALA: 5-Aminolevulinic acid

AsGaAl: Aluminum gallium arsenide

CO2: Carbon dioxide

Nd: Neodymium

OL: Oral leukoplakia

OSCC: Oral squamous cell carcinoma

PDT: Photodynamic therapy

PRISMA: Preferred reporting items for systematic reviews and
meta-analyses.

Funding

No funding was received for this manuscript.

Conflicts of Interest

The authors declare no conflicts of interest.

Data Availability Statement

Data sharing is not applicable to this article, as no datasets were gener-
ated or analyzed during the current study.

References

1. T. Onda, K. Hayashi, A. Katakura, andM. Takano, “Oral Leukoplakia and
Oral Cancer,” Cleveland Clinic Journal of Medicine 90, no. 2 (2023): 79-80.

2. I. Evren, E. R. Brouns, J. B. Poell, et al., “Associations Between Clinical
and Histopathological Characteristics in Oral Leukoplakia,”Oral Diseases
29, no. 2 (2023): 696–706.

3. X. Cai, J. Zhang, H. Zhang, and T. Li, “Biomarkers of Malignant
Transformation in Oral Leukoplakia: From Bench to Bedside,” Journal of
Zhejiang University-SCIENCE B 24, no. 10 (2023): 868–882.

4. A. Villa and S. Sonis, “Oral Leukoplakia Remains a Challenging
Condition,” Oral Diseases 24, no. 1-2 (2018): 179–183.

5. Y. G. Kolenko, I. A. Volovyk, N. V. Bidenko, K. O. Mialkivskyi, and
I. M. Tkachenko, “Buccal Cell Micronuclei Among Patients With Oral
Leukoplakia,” Wiadomości Lekarskie 75, no. 7 (2022): 1713–1717.

6. A. S. Tegginamani, V. H. Shivakumar, S. M. B. Ismail, M. T. Abraham,
B. A. Fernandes, and A. T. B. Zamzuri, “C-Kit Expression in Oral
Leukoplakia,” Journal of the College of Physicians and Surgeons Pakistan
32, no. 2 (2022): 256–258.

7. M. Cousins and K. Carney, “Can Tissue Biomarkers Be Used to
Determine the Prognosis of Oral Leukoplakia Lesions With Regards to
Malignant Transformation?” Evidence-Based Dentistry 23 (2022): 18-19.

8. M. Chee and C. Sasaki, “Carbon Dioxide Laser Fiber for the Excision of
Oral Leukoplakia,” Annals of Otology, Rhinology& Laryngology 122, no. 9
(2013): 547–549.

9. K. Hashimoto, D. Shimizu, S. Hirabayashi, et al., “Changes in Oral
Microbial Profiles Associated With Oral Squamous Cell Carcinoma vs.
Leukoplakia,” Journal of Investigative and Clinical Dentistry 10, no. 4
(2019): e12445.

10. J. Yang, Y. Song, S. Xu, S. Ge, and Z. Haiwen, “CircHLA-C: A
Significantly Upregulated circRNA Co-Existing in Oral Leukoplakia and
Oral Lichen Planus,” Organogenesis 19, no. 1 (2023): 2234504.

11. V. M. Novo, M. P. Feletti, S. B. Maifrede, et al., “Clinical and
Mycological Analysis of Colonization by Candida Spp. in Oral
Leukoplakia and Oral Lichen Planus,” Brazilian Journal of Microbiology
55, no. 3 (2024): 2693–2703.

12. J. C. Gates, M. Abouyared, Y. Shnayder, et al., “Clinical Management
Update of Oral Leukoplakia: A Review From the American Head and
Neck Society Cancer Prevention Service,” Head & Neck 47, no. 2 (2025):
733–741.

13. A. Torrejon-Moya, E. Jané-Salas, and J. López-López, “Clinical
Manifestations of Oral Proliferative Verrucous Leukoplakia: A Systematic
Review,” Journal of Oral Pathology & Medicine 49, no. 5 (2020): 404–408.

14. U. Romeo, M. Mohsen, G. Palaia, A. Bellisario, A. Del Vecchio, and
G. Tenore, “CO2 Laser Ablation of Oral Leukoplakia: With or without
Extension of Margins?” La Clinica terapeutica 171, no. 3 (2020): e209–
e215.

15. Y. Cao and H. Yao, “Comment on: Practice Patterns for Initial
Management of Oral Leukoplakia Amongst Otolaryngologists and Oral
and Maxillofacial Surgeons,” Oral Oncology 140 (2023): 106370.

16. A. Kawczyk-Krupka, J. Waśkowska, A. Raczkowska-Siostrzonek,
et al., “Comparison of Cryotherapy and Photodynamic Therapy in
Treatment of Oral Leukoplakia,” Photodiagnosis and Photodynamic
Therapy 9, no. 2 (2012): 148–155.

17. S. Ansari, S. Charantimath, A. Fernandes, J. B. Malik, and P. Panta,
“Comparison of Effectiveness ofMoringa Oleifera Leaves Extract Gel (2%)
With Retino A (0.1%) Cream for Treatment of Oral Leukoplakia: Double
Blinded Randomized Control Trial,” The Gulf Journal of Oncology 1
(2023): 12–18.

18. P. López-Jornet and F. Camacho-Alonso, “Comparison of Pain and
Swelling After Removal of Oral Leukoplakia with CO2 Laser and Cold
Knife: A Randomized Clinical Trial,” Medicina Oral Patología Oral y
Cirugia Bucal 18 (2013): e38–e44.

19. J. V. Hosmani, V. K. Pujari, V. S. Kotrashetti, R. S. Nayak,
D. V. Babji, and S. M. Patanshetti, “Comparison of the Efficacy of
Sediment Cytology Over Oral Brush Cytology in Oral Leukoplakia,” Acta
Cytologica 64, no. 4 (2020): 368–374.

20. N. Chainani-Wu, D. Lee, E. Madden, C. Sim, K. Collins, and
S. Silverman, “Clinical Predictors of Oral Leukoplakia Recurrence
Following CO2 Laser Vaporization,” Journal of Cranio-Maxillofacial
Surgery 43, no. 9 (2015): 1875–1879.

21. S. Akrish, L. Eskander-Hashoul, A. Rachmiel, and O. Ben-Izhak,
“Clinicopathologic Analysis of Verrucous Hyperplasia, Verrucous
Carcinoma and Squamous Cell Carcinoma as Part of the Clinicopatho-
logic Spectrum of Oral Proliferative Verrucous Leukoplakia: A Literature
Review and Analysis,” Pathology, Research and Practice 215, no. 12
(2019): 152670.

22. R. Sarkar and G. P. Rathod, “Clinicopathologic Assessment of
Candida Colonization of Oral Leukoplakia,” Indian Journal of
Dermatology, Venereology, and Leprology 80, no. 5 (2014): 413–418.

23. K. Kokubun, K. Nakajima, Y. Akashi, K. Yamamoto, A. Katakura,
and K. Matsuzaka, “Clinicopathological Evaluation of Oral Leukoplakia:
A Single-Center Study of 676 Cases in Japan,” Oral Surgery, Oral
Medicine, Oral Pathology and Oral Radiology 137, no. 5 (2024): 529–536.

10 of 15 International Journal of Dentistry, 2026

 6164, 2026, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1155/ijod/2130179 by Francesco Inchingolo - U

niversity D
egli Studi D

i B
ari , W

iley O
nline L

ibrary on [22/01/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



24. K. Gupta, J. Gupta, and R. Miglani, “Computer Aided Morphometric
Analysis of Oral Leukoplakia and Oral Squamous Cell Carcinoma,”
Biotechnic & Histochemistry 91, no. 4 (2016): 251–254.

25. X. Cai, J. Zhang, L. Li, et al., “Copy Number Alterations Predict
Development of OSCC From Oral Leukoplakia,” Journal of Dental
Research 103, no. 2 (2024): 138–146.

26. H.-M. Chen, S.-J. Cheng, H.-P. Lin, C.-H. Yu, Y.-C. Wu, and C.-
P. Chiang, “Cryogun Cryotherapy for Oral Leukoplakia and Adjacent
Melanosis Lesions,” Journal of Oral Pathology & Medicine 44, no. 8
(2015): 607–613.

27. C.-H. Yu, H.-P. Lin, S.-J. Cheng, A. Sun, and H.-M. Chen,
“Cryotherapy for Oral Precancers and Cancers,” Journal of the Formosan
Medical Association 113, no. 5 (2014): 272–277.

28. F. Inchingolo, A. D. Inchingolo, I. Palumbo, et al., “Management of
Physiological Gingival Melanosis by Diode Laser Depigmentation Versus
Surgical Scalpel: A Systematic Review,” Dentistry Review 4, no. 3 (2024):
100146.

29. C. Seebauer, E. Freund, T. Dieke, et al., “Decreased Inflammatory
Profile in Oral Leukoplakia Tissue Exposed to Cold Physical Plasma Ex
Vivo,” Journal of Oral Pathology&Medicine 52, no. 10 (2023): 1021–1028.

30. F. Della Vella, G. Pannone, A. Patano, et al., “Detection of HPV in
Oral Leukoplakia by Brushing and Biopsy: Prospective Study in an Italian
Cohort,” Clinical Oral Investigations 24, no. 5 (2020): 1845–1851.

31. A. Kouketsu, C. Tanaka, H. Araki, et al., “Detection of Oral Cancer
and Oral Potentially Malignant Disorders Using Artificial Intelligence-
Based Image Analysis,” Head & Neck 46, no. 9 (2024): 2253–2260.

32. K. Jurczyszyn and M. Kozakiewicz, “Differential Diagnosis of
Leukoplakia Versus Lichen Planus of the Oral Mucosa Based on Digital
Texture Analysis in Intraoral Photography,” Advances in Clinical and
Experimental Medicine 28, no. 11 (2019): 1469–1476.

33. C. C. da S. Barros, R. de A. Freitas, M. C. da C. Miguel, and
É. J. Dantas da Silveira, “DNA Damage Through Oxidative Stress Is an
Important Event in Oral Leukoplakia,” Archives of Oral Biology 135
(2022): 105359.

34. J. Jin, “Do All Patients With Oral Leukoplakia Need Antifungal
Therapy?” Clinical Oral Investigations 26, no. 1 (2022): 1095-1096.

35. C. S. Farah and S. A. Fox, “Dysplastic Oral Leukoplakia Is
Molecularly Distinct from Leukoplakia without Dysplasia,” Oral Diseases
25, no. 7 (2019): 1715–1723.

36. O. Kujan, M. Idrees, N. Anand, B. Soh, E. Wong, and C. S. Farah,
“Efficacy of Oral Brush Cytology Cell Block Immunocytochemistry in the
Diagnosis of Oral Leukoplakia and Oral Squamous Cell Carcinoma,”
Journal of Oral Pathology & Medicine 50, no. 5 (2021): 451–458.

37. L. J. Wils, J. B. Poell, A. Brink, et al., “Elucidating the Genetic
Landscape of Oral Leukoplakia to Predict Malignant Transformation,”
Clinical Cancer Research 29, no. 3 (2023): 602–613.

38. G. Sridharan, P. Ramani, S. Patankar, and R. Vijayaraghavan,
“Evaluation of Salivary Metabolomics in Oral Leukoplakia and Oral
Squamous Cell Carcinoma,” Journal of Oral Pathology & Medicine 48,
no. 4 (2019): 299–306.

39. A. Ballini, S. Cantore, L. Signorini, et al., “Efficacy of Sea Salt-Based
Mouthwash and Xylitol in Improving Oral Hygiene Among Adolescent
Population: A Pilot Study,” International Journal of Environmental
Research and Public Health 18, no. 1 (2021): 44.

40. Y. He, J. Chen, Y. Huang, Q. Pan, and M. Nie, “Local Application of
Platelet-Rich Fibrin During Lower Third Molar Extraction Improves
Treatment Outcomes,” Journal of Oral and Maxillofacial Surgery 75,
no. 12 (2017): 2497–2506.

41. B. J. Daly, M. O. Sharif, K. Jones, H. V. Worthington, and A. Beattie,
“Local Interventions for the Management of Alveolar Osteitis (Dry

Socket),” Cochrane Database of Systematic Reviews 2022, no. 9 (2022):
CD006968.

42. G. Bavetta, G. Bavetta, V. Randazzo, et al., “A Retrospective Study on
Insertion Torque and Implant Stability Quotient (ISQ) as Stability
Parameters for Immediate Loading of Implants in Fresh Extraction
Sockets,” BioMed Research International 2019 (2019): 9720419.

43. R. Arrigoni, A. Ballini, L. Santacroce, et al., “Another Look at Dietary
Polyphenols: Challenges in Cancer Prevention and Treatment,” Current
Medicinal Chemistry 29, no. 6 (2022): 1061–1082.

44. A. Rosa, A. M. Pujia, and C. Arcuri, “Investigation of Alveolar Osteitis
and the Effectiveness of Laser Treatment: A Unified Meta-Analysis and
Review of the Literature,” BMC Oral Health 24, no. 1 (2024): 700.

45. G. R. M. La Rosa, A. Marcianò, C. Y. Priolo, M. Peditto, E. Pedullà,
and A. Bianchi, “Effectiveness of the Platelet-Rich Fibrin in the Control of
Pain Associated With Alveolar Osteitis: A Scoping Review,” Clinical Oral
Investigations 27, no. 7 (2023): 3321–3330.

46. R. Li, R. Zhang, X. Shi, et al., “Expression of FAP in Oral Leukoplakia
and Oral Squamous Cell Carcinoma,” International Dental Journal 74,
no. 3 (2024): 581–588.

47. C. Lalitha, M. K. Hussain, S. Kodangal, L. A. Swapna, R. Dantu, and
P. Nagabhyrava, “Expression of Survivin in Oral Leukoplakia and Oral
Lichen Planus,” Minerva Dental and Oral Science 71, no. 3 (2022): 125–
130.

48. X. Yang, Z. Wang, L. Zhou, and W. Liu, “Focus on Higher Rate of
Malignant Transformation of Oral Submucous Fibrosis and Concomitant
Leukoplakia,” Oral Diseases 28, no. 7 (2022): 2055-2056.

49. F. Biamonte, C. Buffone, G. Santamaria, et al., “Gene Expression
Analysis of Autofluorescence Margins in Leukoplakia and Oral
Carcinoma: A Pilot Study,” Oral Diseases 27, no. 2 (2021): 193–203.

50. S. Tomo, S. P. Biss, M. M. Crivelini, et al., “High p16INK4a
Immunoexpression Is Not HPV Dependent in Oral Leukoplakia,”
Archives of Oral Biology 115 (2020): 104738.

51. M. Abe, S. Yamashita, Y. Mori, et al., “High-Risk Oral Leukoplakia Is
Associated With Aberrant Promoter Methylation of Multiple Genes,”
BMC Cancer 16, no. 1 (2016): 350.

52. L. Montebugnoli, F. Frini, D. B. Gissi, et al., “Histological and
Immunohistochemical Evaluation of New Epithelium After Removal of
Oral Leukoplakia With Nd: YAG Laser Treatment,” Lasers in Medical
Science 27, no. 1 (2012): 205–210.

53. I. Duś-Ilnicka, M. Radwan-Oczko, H. Gerber, and A. Hałoń,
“Histopathological Assessment of Oral Leukoplakia. Osteonectin as
Possible Biomarker for Further Diagnostics,” Polish Journal of Pathology
71, no. 2 (2020): 138–145.

54. M.-Y. Lyu, Y.-S. Guo, S. Li, D. Yang, and H. Hua, “Hospital-Based
Epidemiological and Clinical Characterisation of the Malignant
Transformation of Oral Leukoplakia in a Chinese Population,”
International Dental Journal 67, no. 4 (2017): 252–259.

55. A. Kumar, L. Cascarini, J. A. McCaul, et al., “How Should We
Manage Oral Leukoplakia?” British Journal of Oral and Maxillofacial
Surgery 51, no. 5 (2013): 377–383.

56. F. Mashhadiabbas, M. Fayazi-Boroujeni, A. Alizadeh, M. Namdari,
and S. A. Mirzaei, “Immunoexpression of C4 Binding Protein in Oral
Leukoplakia and Oral Squamous Cell Carcinoma,” Iranian Journal of
Immunology 18, no. 2 (2021): 95–102.

57. S. T. Luiz, F. Modolo, I. Mozzer, et al., “Immunoexpression of SOX-2
in Oral Leukoplakia,” Oral Diseases 24, no. 8 (2018): 1449–1457.

58. R. Rathee, A. Devi, A. Narwal, M. Kamboj, and S. Singh,
“Immunohistochemical Coexpression of MUC1 and MUC4 in Oral
Leukoplakia and Oral Squamous Cell Carcinoma,” Head and Neck
Pathology 15, no. 3 (2021): 831–842.

International Journal of Dentistry, 2026 11 of 15

 6164, 2026, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1155/ijod/2130179 by Francesco Inchingolo - U

niversity D
egli Studi D

i B
ari , W

iley O
nline L

ibrary on [22/01/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



59. D. G, S. R. K. Nandan, and P. G. Kulkarni, “Salivary Tumour
Necrosis Factor-α as a Biomarker in Oral Leukoplakia and Oral
Squamous Cell Carcinoma,” Asian Pacific Journal of Cancer Prevention
20, no. 7 (2019): 2087–2093.

60. H.-H. Wan, H. Zhu, C.-C. Chiang, et al., “Sensitive Detection of Oral
Leukoplakia: Analyzing P90 Biomarkers in Saliva and Tissue,” Biosensors
14, no. 6 (2024): 281.

61. G. Sridharan, P. Ramani, and S. Patankar, “Serum Metabolomics in
Oral Leukoplakia and Oral Squamous Cell Carcinoma,” Journal of
Cancer Research and Therapeutics 13 (2017): 556–561.

62. Y. Zhang, J. Zhang, S. Zhao, et al., “Single-Cell RNA Sequencing
Highlights the Immunosuppression of IDO1+ Macrophages in the
Malignant Transformation of Oral Leukoplakia,” Theranostics 14, no. 12
(2024): 4787–4805.

63. Q. Shang, J. Peng, Y. Jiang, et al., “SNAI2 Promotes the Malignant
Transformation of Oral Leukoplakia by Modulating P-EMT,” Oral
Diseases 29, no. 8 (2023): 3232–3242.

64. Z. H. Wei, X. Zeng, and Q. M. Chen, “[Standardized Diagnosis and
Treatment of Oral Leukoplakia],” Zhonghua Kou Qiang Yi Xue Za Zhi 57,
no. 8 (2022): 884–889.

65. A. A. Bezrukov and V. A. Syomkin, “Surgical Treatment of Patients
With Oral Leukoplakia,” Stomatologiya 95, no. 5 (2016): 53–60.

66. D. Angelin and B. J. Nair, “Comparative Evaluation of Survivin
Expression in Leukoplakia, Lichen Planus, and Oral Squamous Cell
Carcinoma: An Immunohistochemical Study,” Journal of Cancer
Research and Therapeutics 16, no. 3 (2020): 569–574.

67. F. Inchingolo, M. Tatullo, A. Pacifici, et al., “Use of Dermal-Fat Grafts
in the Post-Oncological Reconstructive Surgery of Atrophies in the
Zygomatic Region: Clinical Evaluations in the Patients Undergone to
Previous Radiation Therapy,” Head & Face Medicine 8, no. 1 (2012).

68. M. Afkhami, E. Maghami, T. J. Gernon, V. Villaflor, and D. Bell,
“Wolf in Sheep’s Clothing - Oral Proliferative Verrucous Leukoplakia:
Progression With Longitudinal Molecular Insights,” Annals of Diagnostic
Pathology 63 (2023): 152104.

69. J. G.a M. de Visscher and E. H. van der Meij, “White Lesions of the
Oral Mucosa: Leukoplakia,” Nederlands Tijdschrift Voor Tandheelkunde
130, no. 5 (2023): 232–236.

70. A. Villa, A. Celentano, I. Glurich, et al., “World Workshop on Oral
Medicine VII: Prognostic Biomarkers in Oral Leukoplakia: A Systematic
Review of Longitudinal Studies,” Oral Diseases 25, no. S1 (2019): 64–78.

71. J. Adeoye and Y.-X. Su, “Validity of Nomograms for Predicting Cancer
Risk in Oral Leukoplakia and Oral Lichen Planus,”Oral Diseases 30, no. 5
(2024): 3039–3051.

72. G. Marinelli, A. D. Inchingolo, A. M. Inchingolo, et al., “White Spot
Lesions in Orthodontics: Prevention and Treatment. A Descriptive
Review.” Journal of Biological Regulators and Homeostatic Agents 35,
no. 2_Suppl_1 (2021): 227–240.

73. A. Laforgia, A. D. Inchingolo, F. Piras, et al., “Therapeutic Strategies
and Genetic Implications for Periodontal Disease Management: A
Systematic Review,” International Journal of Molecular Sciences 25,
no. 13 (2024): 7217.

74. M. G. Balzanelli, P. Distratis, G. Dipalma, et al., “Sars-CoV-2 Virus
Infection May Interfere CD34+ Hematopoietic Stem Cells and
Megakaryocyte-Erythroid Progenitors Differentiation Contributing to
Platelet Defection Towards Insurgence of Thrombocytopenia and
Thrombophilia,” Microorganisms 9, no. 8 (2021): 1632.

75. A. B. P. Kitahara, A. C. Michels, S. T. Luiz, et al., “Immunohisto-
chemical Detection of NANOG in Oral Leukoplakia,” Oral Diseases 29,
no. 2 (2023): 376–379.

76. Z. Zhang, J. Song, Y. Han, et al., “Impairment of Mesenchymal Stem
Cells Derived From Oral Leukoplakia,” International Journal of Clinical
and Experimental Pathology 8, no. 9 (2015): 10026–10037.

77. M. Vilar-Villanueva, J. M. Somoza-Martín, A. Blanco-Carrión, et al.,
“Importance of the Vaporization Margin During CO2 Laser Treatment of
Oral Leukoplakia: A Survival Study,”Oral Diseases 29, no. 7 (2023): 2689–
2695.

78. X. Li, L. Liu, J. Zhang, et al., “Improvement in the Risk Assessment of
Oral Leukoplakia ThroughMorphology-Related Copy Number Analysis,”
Science China-Life Sciences 64, no. 9 (2021): 1379–1391.

79. I. Ponniah, “In Response to “Oral Verrucous Carcinoma Manifesting
as Proliferative Verrucous Leukoplakia,” Oral Oncology 130 (2022):
105944.

80. A. M. Inchingolo, G. Malcangi, L. Ferrante, et al., “Damage From
Carbonated Soft Drinks on Enamel: A Systematic Review,” Nutrients 15,
no. 7 (2023): 1785.

81. A. D. Inchingolo, A. Patano, G. Coloccia, et al., “Treatment of Class
III Malocclusion and Anterior Crossbite With Aligners: A Case Report,”
Medicina 58, no. 5 (2022): 603.

82. R. Grigolato, M. E. Bizzoca, L. Calabrese, S. Leuci, M. D. Mignogna,
and L. LoMuzio, “Leukoplakia and Immunology: New Chemoprevention
Landscapes?” International Journal of Molecular Sciences 21, no. 18
(2020): 6874.

83. L. O. Skorodumova, A. A. Muraev, E. V. Volodina, et al.,
“[Leukoplakia of the Oral Mucosa: Classification, Histopathology,
Diagnosis and Treatment],” Voprosy onkologii 59, no. 5 (2013): 548–554.

84. A. Villa and S. B. Woo, “Leukoplakia—A Diagnostic and
Management Algorithm,” Journal of Oral and Maxillofacial Surgery 75,
no. 4 (2017): 723–734.

85. E. L. Yanik, H. A. Katki, M. J. Silverberg, M. M. Manos, E. A. Engels,
and A. K. Chaturvedi, “Leukoplakia, Oral Cavity Cancer Risk, and
Cancer Survival in the U.S. Elderly,” Cancer Prevention Research 8, no. 9
(2015): 857–863.

86. E. Clarkson, R. Hadioonzadeh, and S. M. Peters, “Treatment of Oral
Dysplasia,” Dental Clinics of North America 68 (2024): 133–149.

87. G. Lodi, R. Franchini, S. Warnakulasuriya, et al., “Interventions for
Treating Oral Leukoplakia to Prevent Oral Cancer,” Cochrane Database
of Systematic Reviews 7, no. 7 (2016): CD001829.

88. I. van der Waal, “Knowledge About Oral Leukoplakia for Use at
Different Levels of Expertise, Including Patients,” Oral Diseases 24, no. 1-
2 (2018): 174–178.

89. R. Luo, Y. Wang, R. Li, et al., “Laser Therapy Decreases Oral
Leukoplakia Recurrence and Boosts Patient Comfort: A Network Meta-
Analysis and Systematic Review,” BMC Oral Health 24, no. 1 (2024): 469.

90. Y. Yan, Z. Li, X. Tian, X. Zeng, Q. Chen, and J. Wang, “Laser-Assisted
Photodynamic Therapy in Proliferative Verrucous Oral Leukoplakia,”
Photodiagnosis and Photodynamic Therapy 39 (2022): 103002.

91. M. Pietruska, S. Sobaniec, P. Bernaczyk, et al., “Clinical Evaluation of
Photodynamic Therapy Efficacy in the Treatment of Oral Leukoplakia,”
Photodiagnosis and Photodynamic Therapy 11, no. 1 (2014): 34–40.

92. S. J. Wong, B. Campbell, B. Massey, et al., “A Phase I Trial of
Aminolevulinic Acid-Photodynamic Therapy for Treatment of Oral
Leukoplakia,” Oral Oncology 49, no. 9 (2013): 970–976.

93. G. Shafirstein, A. Friedman, E. Siegel, et al., “Using 5-Aminolevulinic
Acid and Pulsed Dye Laser for Photodynamic Treatment of Oral
Leukoplakia,” Archives of Otolaryngology–Head & Neck Surgery 137,
no. 11 (2011): 1117–1123.

94. Y. Yao, L. Shi, Y. Wang, et al., “Ablative Fractional Laser-Assisted
Photodynamic Therapy vs. Ablative Fractional Laser for Oral

12 of 15 International Journal of Dentistry, 2026

 6164, 2026, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1155/ijod/2130179 by Francesco Inchingolo - U

niversity D
egli Studi D

i B
ari , W

iley O
nline L

ibrary on [22/01/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



Leukoplakia Treatment: A Randomized, Controlled Pilot Study,”
Photodiagnosis and Photodynamic Therapy 36 (2021): 102523.

95. A. S. Ribeiro, M. C. F. de Aguiar, M. A. V. do Carmo, M. H. N. G. de
Abreu, T. A. Silva, and R. A. Mesquita, “660 AsGaAl Laser to Alleviate
Pain Caused by Cryosurgical Treatment of Oral Leukoplakia: A
Preliminary Study,” Photomedicine and Laser Surgery 29, no. 5 (2011):
345–350.

96. P. J. Louis, “Complications of Dentoalveolar Surgery,” Oral and
Maxillofacial Surgery Clinics of North America 32, no. 4 (2020): 649–674.

97. B. Rapone, A. D. Inchingolo, S. Trasarti, et al., “Long-Term Outcomes
of Implants Placed in Maxillary Sinus Floor Augmentation With Porous
Fluorohydroxyapatite (Algipore FRIOS) in Comparison With Anorganic
Bovine Bone (Bio-Oss) and Platelet Rich Plasma (PRP): A Retrospective
Study,” Journal of Clinical Medicine 11, no. 9 (2022): 2491.

98. A. D. Inchingolo, A. Patano, G. Coloccia, et al., “Genetic Pattern,
Orthodontic and Surgical Management of Multiple Supplementary
Impacted Teeth in a Rare, Cleidocranial Dysplasia Patient: A Case
Report,” Medicina 57 (2021): 1350.

99. F. Inchingolo, M. Tatullo, F. M. Abenavoli, et al., “Severe Anisocoria
After Oral Surgery Under General Anesthesia,” International Journal of
Medical Sciences 7 (2010): 314–318.

100. J.-M. Cerqueira, F.-S. Pontes, A.-R. Santos-Silva, et al., “Malignant
Transformation of Oral Leukoplakia: A Multicentric Retrospective Study
in Brazilian Population,”Medicina Oral Patología Oral y Cirugia Bucal 26
(2021): e292–e298.

101. Y. Dong, Y. Chen, Y. Tao, et al., “Malignant Transformation of Oral
Leukoplakia Treated With Carbon Dioxide Laser: A Meta-Analysis,”
Lasers in Medical Science 34, no. 1 (2019): 209–221.

102. S. Warnakulasuriya and A. Ariyawardana, “Malignant Transforma-
tion of Oral Leukoplakia: A Systematic Review of Observational Studies,”
Journal of Oral Pathology & Medicine 45, no. 3 (2016): 155–166.

103. L. A. Pimenta-Barros, P. Ramos-García, M.Á. González-Moles,
J. M. Aguirre-Urizar, and S. Warnakulasuriya, “Malignant Transforma-
tion of Oral Leukoplakia: Systematic Review and Comprehensive Meta-
Analysis,” Oral Diseases 31, no. 1 (2025): 69–80.

104. L. M. Guimarães, M. G. Diniz, S. R. Rogatto, R. S. Gomez, and
C. C. Gomes, “The Genetic Basis of Oral Leukoplakia and Its Key Role in
Understanding Oral Carcinogenesis,” Journal of Oral Pathology &
Medicine 50, no. 7 (2021): 632–638.

105. Q. Peng, N. Duan, X. Wang, and W. Wang, “The Potential Roles of
Cigarette Smoke-Induced Extracellular Vesicles in Oral Leukoplakia,”
European Journal of Medical Research 28, no. 1 (2023): 250.

106. X. Cai, J. Zhang, Y. Peng, et al., “The Preliminary Exploration of
Immune Microenvironment in Oral Leukoplakia Concomitant With Oral
Submucosal Fibrosis: A Comparative Immunohistochemical Study,”
Journal of Oral Pathology & Medicine 52, no. 7 (2023): 666–672.

107. P. G. Arduino, J. Bagan, A. K. El-Naggar, and M. Carrozzo, “Urban
Legends Series: Oral Leukoplakia,” Oral Diseases 19, no. 7 (2013): 642–
659.

108. O. Murthy, G. Lau, J. Balasubramaniam, R. Frydrych, A. M. Kujan,
and O, “Unraveling the Keratin Expression in Oral Leukoplakia: A
Scoping Review,” International Journal of Molecular Sciences 25, no. 11
(2024): 5597.

109. N. P. Selvam, J. Sadaksharam,G. Singaravelu, andR. Ramu, “Treatment
of Oral Leukoplakia With Photodynamic Therapy: A Pilot Study,” Journal of
Cancer Research and Therapeutics 11, no. 2 (2015): 464–467.

110. U. A. R. Kharadi, S. Onkar, R. Birangane, S. Chaudhari,
A. Kulkarni, and R. Chaudhari, “Treatment of Oral Leukoplakia With
Diode Laser: A Pilot Study on Indian Subjects,” Asian Pacific Journal of
Cancer Prevention 16, no. 18 (2015): 8383–8386.

111. K. Shearston, B. Fateh, S. Tai, D. Hove, and C. S. Farah, “Malignant
Transformation Rate of Oral Leukoplakia in an Australian Population,”
Journal of Oral Pathology & Medicine 48, no. 7 (2019): 530–537.

112. J.-Y. Guan, Y.-H. Luo, Y.-Y. Lin, et al., “Malignant Transformation
Rate of Oral Leukoplakia in the Past 20 Years: A Systematic Review and
Meta-Analysis,” Journal of Oral Pathology & Medicine 52, no. 8 (2023):
691–700.

113. A. C. Pinto, J. Caramês, H. Francisco, A. Chen, A. M. Azul, and
D. Marques, “Malignant Transformation Rate of Oral Leukoplakia—
Systematic Review,”Oral Surgery, Oral Medicine, Oral Pathology and Oral
Radiology 129, no. 6 (2020): 600–611.e2.

114. J. A. A. de Arruda, L. V.de O. Silva, C.de N. A.de O. Kato, et al.,
“Management of Oral Leukoplakia With an 808-Nm High-Power Diode
Laser: A Single-Center Experience,” Lasers in Medical Science 38, no. 1
(2023): 141.

115. Q. Chen, H. Dan, W. Pan, et al., “Management of Oral Leukoplakia:
A Position Paper of the Society of Oral Medicine, Chinese Stomatological
Association,” Oral Surgery, Oral Medicine, Oral Pathology and Oral
Radiology 132, no. 1 (2021): 32–43.

116. S. Niklander, D. Guerra, F. Contreras, W. González-Arriagada, and
C. Marín, “MicroRNAs and Their Role in the Malignant Transformation
of Oral Leukoplakia: A Scoping Review,” Medicina Oral Patología Oral y
Cirugia Bucal 27 (2022): e77–e84.

117. S. P. Donís, A. P. González, M. G. O. Alves, et al., “MRE11, and
XRCC1 in Oral Leukoplakia and Oral Squamous Cell Carcinoma,”
Applied Immunohistochemistry & Molecular Morphology 29, no. 8 (2021):
613–618.

118. A. Elamir, S. M. ElRefai, and S. E. Ghazy, “Molecular Alterations of
Mitochondrial D-Loop in Oral Leukoplakia,” Journal of Cellular
Biochemistry 120, no. 8 (2019): 13944–13951.

119. C. S. Farah, “Molecular, Genomic andMutational Landscape of Oral
Leukoplakia,” Oral Diseases 27, no. 4 (2021): 803–812.

120. T. Ding, J. Zou, J. Qi, et al., “Mucoadhesive Nucleoside-Based
Hydrogel Delays Oral Leukoplakia Canceration,” Journal of Dental
Research 101, no. 8 (2022): 921–930.

121. L. Lin, C. Song, Z. Wei, et al., “Multifunctional Photodynamic/
Photothermal Nano-Agents for the Treatment of Oral Leukoplakia,”
Journal of Nanobiotechnology 20 (2022): 106.

122. P. Pignatelli, M. C. Curia, G. Tenore, D. Bondi, A. Piattelli, and
U. Romeo, “Oral Bacteriome and Oral Potentially Malignant Disorders: A
Systematic Review of the Associations,” Archives of Oral Biology 160
(2024): 105891.

123. N. L. Rhodus, A. R. Kerr, and K. Patel, “Oral Cancer: Leukoplakia,
Premalignancy, and Squamous Cell Carcinoma,” Dental Clinics of North
America 58 (2014): 315–340.

124. K. Jurczyszyn, T. Gedrange, and M. Kozakiewicz, “Theoretical
Background to Automated Diagnosing of Oral Leukoplakia: A
Preliminary Report,” Journal of Healthcare Engineering 2020 (2020):
8831161.

125. L. Monteiro, F. W. Mello, and S. Warnakulasuriya, “Tissue
Biomarkers for Predicting the Risk of Oral Cancer in Patients Diagnosed
With Oral Leukoplakia: A Systematic Review,” Oral Diseases 27, no. 8
(2021): 1977–1992.

126. S. Kumar and M. Muniyandi, “Tobacco Use and Oral Leukoplakia:
Cross-Sectional Study Among the Gond Tribe in Madhya Pradesh,” Asian
Pacific Journal of Cancer Prevention 16, no. 4 (2015): 1515–1518.

127. G. Malcangi, A. D. Inchingolo, A. Patano, et al., “Impacted Central
Incisors in the Upper Jaw in an Adolescent Patient: Orthodontic-Surgical
Treatment—A Case Report,” Applied Sciences 12, no. 5 (2022): 2657.

International Journal of Dentistry, 2026 13 of 15

 6164, 2026, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1155/ijod/2130179 by Francesco Inchingolo - U

niversity D
egli Studi D

i B
ari , W

iley O
nline L

ibrary on [22/01/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



128. G. Malcangi, A. Patano, C. Pezzolla, et al., “Bruxism and Botulinum
Injection: Challenges and Insights,” Journal of Clinical Medicine 12,
no. 14 (2023): 4586.

129. A. Mogedas-Vegara, J.-A. Hueto-Madrid, E. Chimenos-Küstner, and
C. Bescós-Atín, “Oral Leukoplakia Treatment With the Carbon Dioxide
Laser: A Systematic Review of the Literature,” Journal of Cranio-
Maxillofacial Surgery 44, no. 4 (2016): 331–336.

130. A. Mogedas-Vegara, J.-A. Hueto-Madrid, E. Chimenos-Küstner, and
C. Bescós-Atín, “The Treatment of Oral Leukoplakia with the CO2 Laser:
A Retrospective Study of 65 Patients,” Journal of Cranio-Maxillofacial
Surgery 43, no. 5 (2015): 677–681.

131. W. G.de Campos, C. V. Esteves, C.de B. Gallo, C. Domaneschi,
A. C. C. Aranha, and C. A. Lemos, “Treatment of Oral Leukoplakia With
CO2 Laser (10,600 Nm): Analysis of 37 Cases,” Brazilian Oral Research 36
(2022): e014.

132. P. V. R. Silva, M. P. Palaçon, H. A. Silveira, K. H. Martins,
A. Bufalino, and J. E. León, “Oral Carcinoma Arising Under Implant-
Supported Prosthesis: Progression of Proliferative Verrucous Leukoplakia
Initially Mimicking Lichen Planus,” Journal of Oral Implantology 50,
no. 4 (2024): 397–400.

133. J. Peng, Z. Xu, H. Dan, et al., “Oral Epithelial Dysplasia Detection
and Grading in Oral Leukoplakia Using Deep Learning,” BMC Oral
Health 24, no. 1 (2024): 434.

134. F. H. Costa, V. Costa, J. E. León, A. L. Anbinder, A. Ribeiro-Silva,
and E. Kaminagakura, “Oral Hairy Leukoplakia in a Child Using a
Corticosteroid Nasal Spray,” Pediatric Dermatology 37, no. 4 (2020): 721–
723.

135. A. L. O. C. Roza, L. P. Kowalski, W. N. William, et al., “Oral
Leukoplakia and Erythroplakia in Young Patients: A Systematic Review,”
Oral Surgery, Oral Medicine, Oral Pathology and Oral Radiology 131, no. 1
(2021): 73–84.

136. A. F. Bewley and D. G. Farwell, “Oral Leukoplakia and Oral Cavity
Squamous Cell Carcinoma,” Clinics in Dermatology 35, no. 5 (2017): 461–
467.

137. A. K. Chaturvedi, N. Udaltsova, E. A. Engels, et al., “Oral
Leukoplakia and Risk of Progression to Oral Cancer: A Population-Based
Cohort Study,” JNCI: Journal of the National Cancer Institute 112, no. 10
(2020): 1047–1054.

138. R. Zhang, T. Gao, and D. Wang, “Photodynamic Therapy (PDT) for
Oral Leukoplakia: A Systematic Review andMeta-Analysis of Single-Arm
Studies Examining Efficacy and Subgroup Analyses,” BMC Oral Health
23, no. 1 (2023): 568.

139. Y. Li, B. Wang, S. Zheng, and Y. He, “Photodynamic Therapy in the
Treatment of Oral Leukoplakia: A Systematic Review,” Photodiagnosis
and Photodynamic Therapy 25 (2019): 17–22.

140. Q. Zhang, F. Wang, J. Liang, W. Kuang, X. Zeng, and X. Zhang,
“Photodynamic Therapy for Extensive Oral Verrucous/Granular
Leukoplakia With Moderate-to-Severe Dysplasia: A Case Study,”
Photodiagnosis and Photodynamic Therapy 39 (2022): 102910.

141. L. L. Ferreira, É.R. Biasoli, D. G. Bernabé, C. M. Nunes, and
G. I. Miyahara, “Plasma HPV DNA Is Detectable in Oral Leukoplakia
Patients,” Pathology Research and Practice 213, no. 7 (2017): 759–765.

142. L. Monteiro, L. C. Mariano, and S. Warnakulasuriya, “Podoplanin
Could Be a Predictive Biomarker of the Risk of Patients With Oral
Leukoplakia to Develop Oral Cancer: A Systematic Review and Meta-
Analysis,” Oral Diseases 30, no. 2 (2024): 207–215.

143. Y. Huang, Q. Zhang, Z. Guo, G. Deng, R. Chen, and Y. Zheng,
“Potential Noninvasive Biomarkers for the Malignant Transformation of
Oral Leukoplakia: A Systematic Review and Meta-Analysis,” Cancer
Medicine 12, no. 13 (2023): 14718–14730.

144. A. C. Birkeland, D. Kademani, M. G. Moore, and E. A. Blair,
“Practice Patterns for Initial Management of Oral Leukoplakia Amongst
Otolaryngologists and Oral and Maxillofacial Surgeons,” Oral Oncology
139 (2023): 106341.

145. M. Pentenero, P. Castagnola, F. V. Castillo, E. Isaevska, S. Sutera,
and S. Gandolfo, “Predictors of Malignant Transformation in Oral
Leukoplakia and Proliferative Verrucous Leukoplakia: An Observational
Prospective Study Including the DNA Ploidy Status,” Head & Neck 45,
no. 10 (2023): 2589–2604.

146. S. Warnakulasuriya, “Prognostic Biomarkers in Oral Leukoplakia,”
Oral Diseases 25, no. 8 (2019): 2047.

147. P. Parashar, “Proliferative Verrucous Leukoplakia: An Elusive
Disorder,” The Journal of Evidence-Based Dental Practice 14 (2014): 147–
153.e1.

148. L. D. R. Thompson, S. G. Fitzpatrick, S. Müller, et al., “Proliferative
Verrucous Leukoplakia: An Expert Consensus Guideline for Standard-
ized Assessment and Reporting,” Head and Neck Pathology 15, no. 2
(2021): 572–587.

149. A. Munde and R. Karle, “Proliferative Verrucous Leukoplakia: An
Update,” Journal of Cancer Research and Therapeutics 12, no. 2 (2016):
469–473.

150. D. L. Capella, J. M. Gonçalves, A. A. A. Abrantes, L. J. Grando, and
F. I. Daniel, “Proliferative Verrucous Leukoplakia: Diagnosis, Manage-
ment and Current Advances,” Brazilian Journal of Otorhinolaryngology
83, no. 5 (2017): 585–593.

151. Z. B. Gönen, C. Yılmaz Asan, O. Etöz, and A. Alkan, “Oral
Leukoplakia Associated With Amalgam Restorations,” Journal of Oral
Science 58, no. 3 (2016): 445–448.

152. E. R. Brouns, I. Evren, L. J. Wils, et al., “Oral Leukoplakia
Classification and Staging System With Incorporation of Differentiated
Dysplasia,” Oral Diseases 29, no. 7 (2023): 2667–2676.

153. N. Chainani-Wu, D. M. Purnell, and S. Silverman Jr., “Oral
Leukoplakia Development in Patients With Pre-Existing Oral Lichen
Planus,” Journal of the California Dental Association 43, no. 1 (2015): 35–
39.

154. M. Pentenero, S. Sutera, G. Lodi, J. V. Bagan, and C. S. Farah, “Oral
Leukoplakia Diagnosis and Treatment in Europe and Australia: Oral
Medicine Practitioners’ Attitudes and Practice,” Oral Diseases 29, no. 8
(2023): 3214–3222.

155. R. Chandran, S. Meer, and L. Feller, “Oral Leukoplakia in a South
African Sample: A Clinicopathological Study,” Oral Diseases 19, no. 6
(2013): 592–597.

156. B. H. Brandt, N. Bednarz-Knoll, J. Kleinheinz, A. Franke, and
T. Fillies, “RE: Oral Leukoplakia and Risk of Progression to Oral Cancer:
A Population-Based Cohort Study,” JNCI: Journal of the National Cancer
Institute 112, no. 9 (2020): 968-969.

157. B. P. Bhattarai, A. K. Singh, R. P. Singh, et al., “Recurrence in Oral
Leukoplakia: A Systematic Review and Meta-Analysis,” Journal of Dental
Research 103, no. 11 (2024): 1066–1075.

158. Y. X. Liew, K. Kadir, C. W. Phan, K. H. Leong, T. G. Kallarakkal,
and W. M. Tilakaratne, “Salivary Biomarkers: Effective Diagnostic Tool
for Oral Leukoplakia and Oral Squamous Cell Carcinoma,” Oral Diseases
30, no. 6 (2024): 3591–3599.

159. K. Kitabatake, S. Ishikawa, M. Sugimoto, et al., “Salivary
Metabolomics for Oral Leukoplakia With and Without Dysplasia,”
Journal of Stomatology Oral and Maxillofacial Surgery 124, no. 6 (2023):
101618.

160. C. I. Rodrigues-Fernandes, L. P. A. Arboleda, P. A. Vargas,
M. A. Lopes, and A. R. Santos-Silva, “Oral Leukoplakia in Adolescents:
Report of a Rare Case and Review of the Literature,” Oral Oncology 122
(2021): 105565.

14 of 15 International Journal of Dentistry, 2026

 6164, 2026, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1155/ijod/2130179 by Francesco Inchingolo - U

niversity D
egli Studi D

i B
ari , W

iley O
nline L

ibrary on [22/01/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



161. L. Grein Cavalcanti, K. F. Lyko, R. L. F. Araújo, J. M. Amenábar,
C. Bonfim, and C. C. Torres-Pereira, “Oral Leukoplakia in Patients With
Fanconi Anaemia Without Hematopoietic Stem Cell Transplantation,”
Pediatric Blood & Cancer 62, no. 6 (2015): 1024–1026.

162. M. de Pauli Paglioni, I. S. P. Faustino, C. M. Pedroso, et al., “Oral
Leukoplakia Treated With Laser and Scalpel: Interim Trial Results of
Recurrence and Malignancy,” Oral Diseases 30, no. 7 (2024): 4161–4164.

163. L. C. Dogenski, S. de Figueiredo Ribeiro, D. J. Gambin, et al., “Oral
Leukoplakia—Epidemiological Survey and Histochemical Analysis of
107 Cases in Brazil,” Clinical Oral Investigations 25, no. 4 (2021): 1859–
1867.

164. P. Holmstrup and E. Dabelsteen, “Oral Leukoplakia—to Treat or
Not to Treat,” Oral Diseases 22, no. 6 (2016): 494–497.

165. S. Tovaru, M. Costache, P. Perlea, et al., “Oral Leukoplakia: A
Clinicopathological Study and Malignant Transformation,” Oral Diseases
29, no. 4 (2023): 1454–1463.

166. I. van der Waal, “Oral Leukoplakia: A Diagnostic Challenge for
Clinicians and Pathologists,” Oral Diseases 25, no. 1 (2019): 348-349.

167. S. Warnakulasuriya and G. Lodi, “Oral Potentially Malignant
Disorders: Proceedings From an Expert Symposium,” Oral Diseases 27,
no. 8 (2021): 1859–1861.

168. S. Naara, C. Andrews, A. Sikora, et al., “Oral Pre-Malignancy: An
Update on Novel Therapeutic Approaches,” Current Oncology Reports 26,
no. 9 (2024): 1047–1056.

169. G. P. Bombeccari, A. B. Giannì, F. Pallotti, and F. Spadari, “Oral
Proliferative Verrucous Leukoplakia: A Challenge for Clinical
Management,” Head & Neck 40, no. 7 (2018): 1605-1606.

170. S.-W. Yang, Y.-S. Lee, L.-C. Chang, C.-H. Yang, C.-M. Luo, and P.-
W. Wu, “Oral Tongue Leukoplakia: Analysis of Clinicopathological
Characteristics, Treatment Outcomes, and Factors Related to Recurrence
and Malignant Transformation,” Clinical Oral Investigations 25, no. 6
(2021): 4045–4058.

171. C. I. Rodrigues-Fernandes, L. P. A. Arboleda, P. A. Vargas,
M. A. Lopes, and A. R. Santos-Silva, “Oral Verrucous Carcinoma
Manifesting as Proliferative Verrucous Leukoplakia,” Oral Oncology 116
(2021): 105144.

172. P. Shetty, S. Hegde, K. S. Vinod, S. Kalra, P. Goyal, and M. Patel,
“Oral Leukoplakia: Clinicopathological Correlation and Its Relevance to
Regional Tobacco-Related Habit Index,” The Journal of Contemporary
Dental Practice 17, no. 7 (2016): 601–608.

173. K. P. Schepman, E. H. van der Meij, and J. G.a M. de Visscher,
“[Oral medicine 8. Leukoplakia of the Oral Mucosa],” Nederlands
tijdschrift voor tandheelkunde 120, no. 7-8 (2013): 384–390.

174. S. L. Wetzel and J. Wollenberg, “Oral Potentially Malignant
Disorders,” Dental Clinics of North America 64 (2020): 25–37.

International Journal of Dentistry, 2026 15 of 15

 6164, 2026, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1155/ijod/2130179 by Francesco Inchingolo - U

niversity D
egli Studi D

i B
ari , W

iley O
nline L

ibrary on [22/01/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense


	Laser Therapy Versus Conventional Treatments in Oral Leukoplakia: A Systematic Review of Efficacy, Recurrence, and Postoperative Outcomes
	1. Introduction
	2. Materials and Methods
	2.1. Search Processing
	2.2. Inclusion End Exclusion Criteria
	2.2.1. PICO Question

	2.3. Data Processing

	3. Results
	3.1. Characteristics of Included Articles
	3.2. Quality Assessment and Risk of Bias of Included Articles
	3.2.1. Narrative Explanation of Risk of Bias Assessment
	3.2.1.1. Romeo et&x00A0;al. [14]
	3.2.1.2. Chee and Sasaki [8]
	3.2.1.3. Kawczyk-Krupka et&x00A0;al. [16]
	3.2.1.4. L&x00F3;pez-Jornet and Camacho-Alonso [18]
	3.2.1.5. Montebugnoli et&x00A0;al. [52]
	3.2.1.6. Pietruska et&x00A0;al. [91]
	3.2.1.7. Wong et&x00A0;al. [92]
	3.2.1.8. Shafirstein et&x00A0;al. [93]
	3.2.1.9. Yao et&x00A0;al. [94]
	3.2.1.10. Ribeiro et&x00A0;al. [95]


	3.3. Risk of Bias

	4. Discussion
	4.1. Comparison of Treatment Methods

	5. Conclusion




